Abstract. 2014 We have prepared ErRh4B4 compounds with the body centred tetragonal structure (b.c.t.) of LuRu4B4 type using carbon doping. The superconductivity exists from 7.5 K down to 0 K. The simultaneous presence of ferromagnetism is shown by a jump in the thermal variation of the frozen flux obtained after decreasing the magnetic field from above Hc2 and by the rectangular shape of the magnetization hysteresis. These In recent years, several ternary compounds such as ErRh4B4 [1] , HoMo6S8 [2] and Sn13Er3Rh4 [3] have been extensively studied in connection with the interplay between superconductivity and ferromagnetism. The superconductivity exists between the temperatures ?'~2 and T~1 ~ T~2 1: 1 ). Below T~2, the compounds are ferromagnetically ordered. Nevertheless, neutron diffraction techniques have revealed [4, 5] that both the superconductivity and the ferromagnetic order coexist in a narrow range of temperature just above 7~. A long wavelength oscillatory magnetization results from this competition in ErRh4B4 and HoMo6S8. A detailed study by neutron-diffraction on single crystals of ErRh4B4 [4] have also revealed the simultaneous presence of microscopic superconducting and ferromagnetic regions. The authors [4] Johnston [7] by alloying rhodium boride compounds with ruthenium. Up to now, this phase was considered as an antiferromagnetic phase [8] . Recently, Iwasaki et al. [9] with previous results [9] . The change in susceptibility is equal to -4 7r(lI-n) , n being the
4~~1_n ) demagnetizing factor of our sample. We deduce n = 0.23 for the orientation of the sample with respect to the field. The transition width is very small and of the order of 0.1 K. figure 3 . A striking feature is the lack of Meissner effect at the superconducting transition tempe- Fig. 3 (Fig. 4) . Our phase diagram is similar to that proposed by Iwasaki et al. [9] (Fig. 5) . The upper critical field He2 of our sample is nearly three times larger than the critical field of the primitive ErRh4B4 [1] . The curve Hc2(T) has a maximum around 3 K corresponding to a value of He2 = 16 kOe; the zero temperature value is 9 kOe. The broad transition in magnetic field indicates that some anisotropy of the critical field produces the progressive transition from the superconducting to the normal state in this polycrystalline sample [11] . No hysteresis has been observed on the resistivity when increasing or decreasing the applied magnetic field. 5. High field magnetization and ferromagnetic hysteresis. We have measured the hysteresis cycle for the magnetization M in applied fields up to 55 kOe larger than H~2. In figure 6 a typical curve of M versus the applied field is shown together with the curve of R versus H measured in the same run. There is still no detectable change of (dM/dH ) at H = Hc2 due to the very high value of the Ginzburg-Landau parameter [10] . On the same figure, are also shown the different magnetization curves obtained for different paths followed by the magnetic field. After decreasing the applied field Ha to Ha = 0, a negative slope, is obtained when again increasing the field in the positive direction (see Fig. 7 ). This effect clearly demonstrates the simultaneous presence of superconductivity in the sample. Such an effect has already been observed inside the hysteresis cycle of Cel-xGdxRu2 [12] .
In figure 7 , we have plotted the magnetization M versus the internal field Hi. Hi is related to Ha by Hi = Ha -4 7rnM. In this expression, n, the demagnetizing factor has been evaluated by setting the initial slope of the first magnetization M(H) curve in the diamagnetic region equal to -1/4 7c(l 2013 n) when M is proportional to H (H 50 Oe). The value obtained was 0.29 for the orientation of the sample with respect to the field. A nearly rectangular cycle is observed at T = 150 mK and 400 mK. The slope (dM/dH ), of the « coercive field », is infinite as in some cases of hard ferromagnets. The magnetization hysteresis at 4.2 K is not rectangular even if the slope (dM/dH ), for the value at the « coercive field» is 2 times larger than the susceptibility expected from a Curie law.
6. The jump of the frozen flux. The frozen flux is the magnetization measured in a zero field after applying a 55 kOe field at constant temperature. As a function of temperature, an abrupt change of about 0.9 ~B is observed at 700 mK (Fig. 8) By studying this doped compound, we have also shown that i) the upper critical field H~2 is larger than 4 yrM~ ~ 6.5 kOe, ii) the Ginzburg-Landau parameter K2 of this superconductor is very high. Theoreticians [13] [14] [15] have shown that, under these circumstances, self-induced vortices spontaneously exist in a ferromagnetic superconductor. This compound could be a good example for such a phenomenon.
